Background. Gastric carcinoma is a tumor that shows marked differences in geographic distribution. The incidence of the gastric carcinoma has been falling dramatically in Western countries. In sharp contrast, the incidence in Japan is still quite high. Methods. A comparative clinicopathological study was performed, examining gastric carcinomas in 978 Japanese patients (Tokyo) and 157 United States patients (San Diego), that had been surgically resected over the 11-year period 1980-1991. Results. The median age of US the patients (64.1 years) was higher than that of the Japanese patients (59.0 years). There was no difference in the sex ratios. Forty-five of the Japanese patients had early gastric cancer, while this occurred in 10% of the US patients. In terms of tumor location, 47% were in the upper portion of the stomach in the US patients, while, in contrast, this proportion in Japanese patients was 23%. In association with the marked difference in tumor location, 36.5% of the US patients underwent operations with the thoraco-abdominal approach, while this approach was used in 7.5% of the Japanese patients. The distribution of histological types was similar in the two countries' samples. There was also no significant difference in the distribution of the histological types in the same age groups in the two countries' samples. The rate of the well differentiated type increased with age while the rate of poorly differentiated type decreased. In US patients, 35.8% had marked neural invasion, while this occurred in 8.5% of Japanese patients. Conclusion. This study revealed marked differences in the features of gastric cancer between the US and Japan in terms of tumor location and surgical procedures.
Introduction
Gastric carcinoma is a tumor that shows marked differences in geographic distribution [1] [2] [3] [4] [5] . The incidence of gastric carcinoma has been falling dramatically in Western countries (e.g., Western Europe, Australia, the United States, Canada). Over the past 50 years, both the incidence and the mortality in the US have decreased, by 70% for men and by 80% for women [1] . In sharp contrast, the incidence of gastric cancer in Japan, Singapore, China, Israel, Finland, Colombia, and Chile is quite high. Gastric carcinoma is still one of the most common cancers worldwide. In Japan, this tumor is the leading cause of carcinoma death. More than a quarter of a century ago, international studies comparing features of gastric cancer in Japan and the US showed there were no major differences in the nature of gastric cancer at that time [1, 5] . Over the past three decades features of gastric cancer have greatly changed in both countries. In Japan early gastric carcinoma is now common. In the US, the incidence of gastric cancer has been falling. In this study we compared the clinicopathological features of gastric carcinoma in Japanese and US samples and found changes in the nature of gastric cancer in the two, countries' samples.
Patients and methods

Patients
We examined the clinicopathological characteristics of 978 gastric carcinomas resected in the period 1980-1991 at the First Department of Surgery, Tokyo Medical and Dental University (Tokyo, Japan), and 157 gastric carcinomas surgically removed in the same period (1980) (1981) (1982) (1983) (1984) (1985) (1986) (1987) (1988) (1989) (1990) (1991) at three major hospitals in San Diego, US (UCSD Medical Center, Scripps Green Hospital, and VA Hospital, all in San Diego). These four hospitals are major tertiary centers in Tokyo and the San Diego area. Of the San Diego patients, 114 were white; 22, Hispanics; 5, Orientals; 5, blacks; and 10, not described.
Definition of gastric carcinoma
Gastric carcinoma was defined as cancer located mainly in the stomach on the basis of findings of the resected specimens. In Western countries, in particular, significant numbers of cancers exist around the esophagogastric junction (EGJ), for example EGJ carcinoma and esophageal adenocarcinoma. In some instances it is difficult to classify tumors around the EGJ as gastric or esophageal cancer before resection. In this study we adopted a strict definition of gastric carcinoma especially for tumors around the EGJ. Tumors, whose centers were just on the EGJ or inside the stomach were classified as gastric carcinoma. But tumors whose centers were on the esophageal side beyond the EGJ were excluded from gastric carcinomas.
All the specimens from Japan and the US were studied in detail under the same protocol by a single clinical pathologist who was unaware of their source.
Gross findings
Gross findings, in terms of location, size, and gross type, were checked. Location of the tumor. The stomach was separated into upper, middle, and lower portions by drawing lines between the corresponding trisecting position on the greater and lesser curvature of the resected specimen. "Location of the tumor" is the location of the main portion of the tumor. Gross type. Tumors were classified into six gross types based on visual inspection, according to the Rules of the Japanese Gastric Cancer Association. Type 0, Superficial gastric cancer which appeared confined to mucosa or submucosa. Depth of cancer invasion. Depth of invasion was classified into four groups according to tumor infiltration of the gastric wall: mucosa (m), submucosa (sm), muscularis propria (mp), and cancer which invaded beyond the muscularis propria (s). Neural invasion. For the examination of histological neural invasion, 280 of the Japanese specimens were chosen at random and all US specimens were examined. Some of the specimens were stained with anti-S100 protein monoclonal antibody, using the peroxidaseantiperoxidase method. Tumor were classified into two groups, neural invasion (Ϫ) and (ϩ). Neural invasion (ϩ) tumors had marked neural invasion under the light microscope, and carcinoma cells had infiltrated along nerve bundles or the perineural space.
Statistical analyses were done with the t-test or 2 test of these data.
Results
Age and sex
Comparison of the patients median age showed a significant difference between the two countries' samples (P Ͻ 0.001). San Diego patients (aged 64.1 years) were older than Tokyo patients (59.0 years) ( Table 1 ). Sex ratios were not different between the two cities, and in both males were predominant (Tokyo; 2.3 : 1, San Diego; 3.4 : 1) ( Table 1) .
Gross findings
Location of the tumors. The proportion of tumors in the upper portion was 47% in the US; in sharp contrast, that in Japan was 23% ( Table 2 ). The proportions of middle portion tumors was 19% in the US and 39% in Japan. US patients showed a significantly higher proportion of upper portion cancers and significantly lower proportion of middle portion cancers than in Japan (P ϭ 0.0009). In Japanese patients, the proportion of upper and lower portion carcinomas increased with age ( Fig. 1) , while middle portion carcinomas decreased. In the US patients, the proportion of upper portion tumors was predominant in all age groups, with the proportion in the age group 56-65 years high, at 56.4% (Fig. 1) . The proportion of lower portion tumors increased with age in the US, similarly to findings in the Japanese sample. Statistical analysis of the relationship between age and portion showed between each counterpart age group in Japan and the US, with significant differences in the groups under age 55 and over age 66 (P Ͻ 0.001).
Gross type of tumor. There were significant differences between Japan and the US in gross type of tumor (P Ͻ 0.0001); in Japanese, 45% of the tumors were type-0 (i.e., early gastric cancer), while in the US patients, fewer than 10% were this type (Table 2) . When type 0 tumors were excluded, the distribution of gross types showed no significant difference between the two countries (P ϭ 0.0707).
Tumor size. The median size of the tumors in Japanese was 5.36 cm, while that in the US sample was 6.44 cm ( Table 2 ). In the Japanese sample, there was a much smaller mean size (P Ͻ 0.0001) because of the high proportion of early-stage gastric carcinoma. The median size of "s" tumors (invasion beyond the muscularis propria), was not significantly different between the two countries (Japan, 7.67 cm; US, 6.94 cm).
Microscopic findings
Histological type. There were no significant differences in the distribution of the four histological types of tumors between the Japanese and US samples (Table 3) . Concerning the relationship between location and histological type of tumor, there was no significant difference in the proportions of the histological types in each portion of the stomach between the two countries' samples ( Fig. 2) . There was also no difference in the proportion of each histological type between the US and Japanese samples from the same age groups (Fig.  3) . Poorly differentiated type was predominant under the age of 55 years in both countries (64.9% in the US and 60.7% in Japan), while the proportion of well differentiated type in this age group was 18.9% in the US and 18.5% in the Japanese sample. The proportion of well differentiated type increased and that of poorly differentiated type decreased with age. In the over 66 age group, the percentage of poorly differentiated type was 37.2% in the US sample and 32.5% in the Japanese, while the proportion of well differentiated type was 38.5% in the US and 43.1% in the Japanese. There was a significant difference between the under 55 and 56 to 65 age groups and between the under 55 and the over 66 age groups in Japan (P Ͻ 0.001).
Histological growth pattern. There were no significant differences in histological growth pattern between the US and Japanese samples (Table 3) . Lymph node metastasis. There were no significant differences in lymph node metastasis at each depth of invasion between the two countries' samples (Table  3) . Neural invasion. Findings for neural invasion were significantly different in the two countries' sample (P Ͻ 0.0001). In examined samples, neural invasion was observed in s (depth) tumors, which invaded beyond the muscularis propria, while no marked neural invasion was observed among tumors confined to the mucosa, submucosa or muscularis propria (Fig. 4) . Of the 133 Japanese "s" tumors, 11 (8.3%) showed marked neural invasion (Table 3) . In sharp contrast, of 134 US "s" tumors 48 (35.8%) showed marked neural invasion (Table 3) , although the median size of the "s" tumors was not significantly different in the two countries' samples ( Table 2 ). Both moderately differentiated and poorly differentiated types of tumors were likely to show neural invasion in the samples of both countries. In the Japanese sample, 12.1% of the moderately differentiated type, and 7.9% of the poorly differentiated showed neural invasion. In the US sample 33.3% of the moderately differentiated type and 50.7% of the poorly differentiated type showed neural invasion.
Type of operations
There was a marked difference in types of operations for gastric cancers in the two countries' samples (Table 4 ) (P ϭ 0.0001). Fifty-seven (36.5%) of the US patients had esophago-gastrectomy or total gastrectomy ϩ distal esophagectomy, most associated with the thoracoabdominal approach. In sharp contrast, only 7.2% of the Japanese patients had the same type of operation; 601 (61.6%) of the Japanese patients underwent distal or subtotal gastrectomy, while 53 (34.0%) of the US patients underwent the same operation.
Discussion
Gastric carcinoma is the most common carcinoma in Japan, and is the most common cause of cancer death in both men and women. However, gastric carcinoma mortality rates have been decreasing slightly in Japan, one reason being that many early-stage carcinomas are being found through mass screening checks [6] . Currently, the incidence of early gastric carcinoma (confined to the mucosa or submucosa) is more than 40% of all gastric carcinomas in most hospitals in Japan. The overall 5-year survival rate for gastric cancer patients who underwent resections in Japanese facilities is 68%. In contrast to Japan, the incidence of gastric carcinoma in the US has been falling dramatically in the past five decades. Other western countries also have a low incidence of gastric cancer. Because of this low incidence, there are no mass screening programs in western countries. Most patients had advanced cancers when diagnosed [7] [8] [9] , and the survival rate in western countries was low, 5%-20% [7, 10, 11] . Previous reports show the mean age and sex ratios of gastric cancer patients are similar to our data in this study, indicating that our population represents the general characteristics of gastric cancer in both the US and Japan [2, 11, 12] . Articles published 30-40 years ago showed no differences in the anatomical location of gastric carcinoma worldwide, with 60%-70% of the gastric carcinomas located in the lower two-thirds of the stomach in both of Asian and western countries [4, [13] [14] [15] [16] . However, in this study, almost 50% of the tumors in the US samples were located in the upper third of the stomach. In sharp contrast, the proportion of the tumors in the upper third of the stomach in the Japanese sample was 23%. Further, this proportion in Tokyo was much higher than that in other hospitals in Japan, as the authors' hospital in Tokyo treated many esophageal and EGJ carcinomas. The proportion of upper portion tumors in most Japanese hospitals was found to be less than 20% [9] . In the past 30-40 years, the proportion of lower portion .2% of patients in Japan needed the thoracoabdominal approach. Instead, distal or subtotal gastrectomies were performed for 61.6% of the gastric tumors in the Japanese patients, while this operative approach was taken in 34% of patients in the US sample. Recent trends in gastric carcinoma in western countries are that the incidence of distal lesion has been diminishing and the incidence of cardia and EGJ carcinomas has been increasing [10] [11] [12] 17, 18] . Features of gastric cancer have been changing sharply in the past 30-40 years in the US. It is possible that different underlying conditions influence the different incidences of the tumor in the upper third of the stomach [19] [20] [21] . In fact, in this present study, most patients with cardia or EGJ tumors in the US had had symptoms related to chronic reflex and hiatus hernia.
About 30 years ago, in an international comparative study of chronic gastritis [22] , intestinal metaplasia was found in 80% of Japanese subjects over the age of 40 years, while the incidence among Americans of the same age group was only 30%. Most researchers suspected that this different rate influenced the distribution of the histological types of the gastric cancer, in the light of the hypothesis proposed by Nakamura et al. [23] that the intestinal type of gastric cancer was derived from intestinal metaplasia and the diffuse type from the original mucosa of the stomach. From this point of view, one would expect that Japanese, who had a high incidence of intestinal metaplasia, would have a higher incidence of the intestinal type of tumor than Americans, who had a low incidence of intestinal metaplasia. But this study revealed no significant difference in the distribution of the histological types of the gastric cancers between the samples of the two countries. Kubo [2] also tumors of the stomach has been decreasing in western countries, but it has not changed in Japan. In Japan the proportion of lower and upper portion carcinomas increased with age, while the proportion of middle portion tumors, predominant in the under 55 age group (50.8%), gradually decreased. In the US sample upper portion carcinoma was predominant at all ages, particularly so at age 56-65 years (56.4%). The proportion of lower portion tumors in the US sample increased with age.
There was a marked difference between the two countries in types of operation for gastric carcinoma. The differences in tumor location led to the different distributions of operation methods; 36.5% of US patients underwent esophago-gastrectomy or total gastrectomy ϩ distal esophagectomy, most associated with the thoraco-abdominal approach. In contrast, a b noted a similarly unexpected result, that gastric carcinoma in Japanese and American populations showed the same distribution of histological types about 25 years ago. The incidence of well differentiated type increased with age in both countries, while, in contrast, the incidence of poorly differentiated type decreased. This phenomenon was anticipated, from the hypothesis that the area of intestinal metaplasia in the gastric mucosa became wider with age [23] .
Neural invasion was recognized in tumors which had invaded beyond the muscularis propria in the samples of both countries, with 35.8% tumors in the US sample with a depth of invasion beyond the muscular is propria showing neural invasion, while this occurred in only 8.3% of the Japanese counterparts. This finding suggested that the biological behavior in regard to invasion to the nerve was different between the US and Japanese samples.
In the pancreatic carcinoma, nerve invasion is the major pathway in the retroperitoneal direction [24] . In rectal carcinoma, neural invasion has a strong relationship with local recurrence of the tumor [25] . To date, there has been no evidence showing whether histological neural invasion of gastric cancer results in different clinical characteristics. The authors will be investigating this aspect in the next step of the study.
